Background: Thyroid cancer is the most common endocrine malignancy. Although relatively common, to date, there is no study about its prognosis in Lebanon. The objectives of this study were to determine the disease free survival, the recurrence rate and possible predictors of recurrence, as well as the rate of post thyroidectomy complications among patients with differentiated thyroid cancer who received treatment at the
Introduction
Thyroid cancer, the most common endocrine malignancy, has recently witnessed a steady increase in its incidence [1] , due not only to medical surveillance and more sensitive diagnostic studies [2] , but also to increased exposure to radiation from the increased use of imaging techniques such as computed tomography (CT) and other diagnostic x-rays [3, 4] . Differentiated thyroid cancer (DTC) is the most common type and includes papillary (80%) and follicular (15%) cancers [5] . It accounts for approximately 2% of all malignancies in the US [6] . It is 2-3 fold more common in females than males. It is associated with an overall excellent prognosis and a mortality rate that has been slowly decreasing in spite of the rising incidence of thyroid cancer [1] . Overall, greater than 90% are alive at 10 years after diagnosis. This excellent prognosis results from a combination of the indolent biological behavior of most cases of DTC and effective primary treatment options.
Surgery is the primary treatment for patients with DTC. However, controversy exists as to the optimal extent of thyroidectomy because of the lack of randomized controlled trials (RCT).
Total or near-total thyroidectomy with dissection of involved lymph node basins (therapeutic lymph node dissection) is the standard treatment for DTC [7] . However, up to 80% of patients with papillary thyroid carcinoma (PTC) would have microscopic lymph node metastasis at the time of initial surgery [8, 9] . Accordingly, the American Thyroid Association (ATA) suggests that central neck dissection may be performed in patients with advanced papillary cancer (>4cm and/or extra-thyroidal extension) even in the absence of clinical evidence of nodal involvement.
Adjuvant Radio-active iodine (RAI) is administered after initial surgery for DTC in cases where there exists risk of systemic spread [7, 10, 11] . The optimal dose of adjuvant RAI is also controversial. Low-dose RAI ablation with doses of 30-50 mCi is sufficient for most patients with a lower risk profile [12, 13] . Whereas higher doses ranging from 100-200 mCi should be considered in patients with incomplete resections, invasive primary tumors, tumors of intermediate differentiation, or distant metastasis.
Although the long-term survival of patients with DTC is generally excellent, the recurrence rate is significant ranging between 10%-30% [14] . Approximately 80% of recurrences are locoregional [15, 16] . Many prognostic factors have been identified that permit individualized estimation of recurrence rates and survival and help guide long term oncologic surveillance strategies. The patient's age at the time of presentation is the most important one [8] . Recurrence rates and disease-specific mortality rates are lower in younger than older patients, with a cut off of 45 years [8] .
Thyroid cancer prognosis is determined by several variables, even with relatively high survival rate. The most debatable issues are the type of thyroidectomy, the extent of lymphadenectomy as well as the dose of RAI ablation therapy post-thyroidectomy.
Differentiated thyroid cancer is very common in the Midle East region. To our knowledge, no study was done previously in Lebanon to assess the clinical outcome of less aggressive interventions in the treatment of DTC. Moreover, reaching good outcomes with less aggressive options will spare patients from the complications of extensive surgery and the adverse effects of high dose of RAI.
Objectives
The primary objective of this study was to determine the disease free survival among patients with differentiated thyroid cancer who received treatment at an academic, tertiary care center in Lebanon: the American University of Beirut Medical Center (AUBMC). Secondary objectives were to determine the recurrence rate and possible predictors of recurrence, as well as the rate of post thyroidectomy complications (transient or permanent hypoparathyroidism and vocal cord dysfunction).
Methods

Study design and data collection
This was a retrospective observational study. We conducted chart review of all cases with differentiated thyroid cancer who underwent thyroidectomy at AUBMC over the last 20 years (January 1995 -June 2014). We also included those who underwent thyroidectomy outside AUBMC but received post operative treatment (RAI) at AUBMC. The below relevant information were retrieved from the chart of the patients and included: Age at presentation, Gender, Presence of comorbidities (hypertension, Cardiac diseases, diabetes mellitus, dyslipidemia, pulmonary diseases and other malignancies), personal history of radiation exposure to the neck, family history of thyroid cancer, clinical presentation, characteristics of thyroid nodule(s) on physical exam 
Statistical analyses
Continuous variables [age, size of the nodule that was FNA, tumor size, follow up duration] are presented as mean±SD and independent t-test was used to check for difference between groups. Chisquare or Fisher's exact-test were used to assess the correlations between categorical variables. Multivariable analyses were then performed, where using binary logistic models were built, with the disease status was entered as a dependent variable and the potential predictors were entered as independent variables.
Survival analysis were also performed and KaplanMeier survival plot were generated to compare the disease free survival of the patients according to some predictors such as age, gender, tumor size, capsular invasion, vascular invasion and lymph node involvement at baseline.
Data was analyzed using SPSS 20. P-value < 0.05 was considered statistically significant.
Ethical clearance
The study was approved by the Institutional Review Board of the American University of Beirut. Data was reviewed and entered for analyses anonymously.
Results
General characteristics of the study population
The general characteristics of the study population are shown in Table 1 . Female represented around 75% of the population. The mean age was 42±14 [range without difference between genders. 10.8% had family history of thyroid cancer and 2.1% had personal history of radiation exposure to the neck, without difference between genders. The most common presentation in both genders was a neck mass (42.3%). Males had more suspected lymph node involvement compared to females by physical examination and by ultrasound (p<0.001). Among those who had TSH record at baseline (n=289), the majority were euthyroid (87.5%), whereas 7.6% were hyperthyroid and 4.8% were hypothyroid without difference between genders. Record for baseline antibody status (anti-thyroglobulin or anti-thyroid peroxidase Ab) was available in 81 cases only, and around one third (28.4%) had at least one anti-thyroid antibody positive. Concerning the type of surgery, 52.5% had underwent total thyroidectomy and 44.8% underwent total thyroidectomy with neck dissection. Males had more neck dissection then females (56.9% versus 40.6%, p=0.006).
Cytological findings by FNA before surgery
Cytology report before thyroidectomy were not available in 123 cases (FNA was not performed in 93 cases, and in 30 cases it was done however the result was not available in their charts), therefore only 357 cases had cytology report prior to surgery. Among those, 13.4% had initially benign cytology report and found on pathology to have DTC (to note that surgery was performed in this group due to compressive symptoms in the majority or for cosmetic reasons), 25.5% had initially suspicious cytology, 44.3% had papillary thyroid cancer on cytology, 9.5% had follicular lesion of uncertain significance, 5.6% had follicular neoplasm and the exam was unsatisfactory in 1.7% of cases (Table 2 ).
Pathological characteristics of DTC Table 3 showed the characteristics of thyroid tumor on pathology. The mean tumor size was 1.9 cm [0. 1-7cm] with no difference between genders. Papillary type was the predominant type in both genders. Males had more extra-glandular extension of the tumor, more lymph node involvement than females and more vascular invasion than females (Table 3) . However, capsular invasion was present in only 22.6% of cases without difference between genders.
RAI treatment post surgery
The majority of patients (83.7%) received radioactive iodine after the surgery. The mean dose was 85mi-lliCurie (mCi) [range from . Almost 80% of patients had evidence of residual disease after the surgery manifested by increase uptake in the thyroid bed and in the neck area on whole body scan.
Post operative complications
35.8% developed hypocalcemia post surgery, defined as total calcium level below 8mg/dl; and this was more evident in females than in males (39.1% versus 26.1%, p=0.013) and it was transient in the majority of cases. Only 5% developed transient vocal cord dysfunction after the surgery, without difference between genders
Follow up post surgery
70.4% of patients had at least one follow up visit after the surgery; among those, the median follow up duration was 4 years (range 1 month-19years). Disease free at last visit was defined as no evidence of disease clinically (negative physical exam), biochemically (stimulated thyroglobulin less than 2ng/ dl or unstimulated thyroglobulin less than 0.1ng/dl) and radiologically (normal neck ultrasound and/or scan). Residual disease was defined as biochemical and/or radiological evidence of disease after the initial surgery, whereas recurrent disease is defined as biochemical, radiological and/or clinical evidence of disease after a disease free state. 78.7% were disease free at last follow up visit, 14.9% had residual disease and only 6.3% had recurrent disease. 
Predictors of disease persistence/ recurrence
Male gender was a predictor of recurrent and/or residual disease (71%) of men versus 81.4% of women were disease free at the last follow up visit, p<0.05). Other predictors are shown in Table 4 .
Age was a significant predictor of disease persistence/recurrence: the mean age was 41±13years for disease free group compared to a mean age of 46±17 years for recurrent/persistence disease (p=0.02). Tumor size was also a significant predictor of disease persistence and/or recurrence with a larger tumor size for the recurrent/residual disease group compared to disease free group (Mean tumor size 2.3±1.7cm vs 1.8±1.3cm; P=0.05). Furthermore, lymph node involvement, vascular and capsular invasion were also found to be predictors of disease persistence/recurrence (p<0.05 for all comparisons). After adjustment for age, gender, tumor size, capsular invasion, lymph node involvement and vascular invasion: only age remains a significant predictor of persistence or recurrence of disease (beta estimate 0.03 and p-value 0.03). (Table 4) Predictors of disease free survival Age was a significant predictor of disease free survival (DFS): The median DFS for those who are younger than 45 years at baseline was 18 years whereas the median DFS for those 45 years or older was 13 years, and the difference was statistically significant (p=0.01) (Figure 1) Furthermore, vascular invasion was also found to be a significant predictor of DFS with a median DFS of 12 years for those with vascular invasion com- Similarly, those with capsular invasion had shorter disease free survival (median DFS is 13y) compared to those without capsular invasion (median 14y), p=0.05. (Figure 4) Whereas gender, tumor size and lymph node status were not found to be significant predictors of DFS (Figure 2, 3 & 6) .
After adjusting for age, vascular invasion, tumor size and capsular invasion, both age and vascular invasion remained statistically significant as predictors of DFS (p=0.001 and p=0.019 respectively). 
Discussion
This retrospective chart review study showed that two third of cases of differentiated thyroid cancer are women with a mean age of 42 years at presentation. The majority are papillary cancers with 11% of cases having family history of thyroid cancer. Age was the only independent predictor of disease persistence or recurrence after adjustment for other predictors whereas both age and vascular invasion were significant predictors of disease free survival. Our findings are in accordance with the reports from other populations, in which differentiated thyroid cancer was shown to be more common in women than in men with a ratio of 3:1 [17] . The mean age at diagnosis is 42 years in both men and women, younger than the mean age in other populations of 50 years [17] . DTC is not usually hereditary, although some studies have demonstrated a 3%-10% risk in first-degree relatives of patients with DTC [18, 19] . In our study, 10.8% of cases had family history of thyroid cancer. However this was only based on self-reporting and possibly underestimating the true prevalence.
Papillary thyroid cancer is the predominant type accounting for 91% of all cases of DTC in our study, results similar to reports from other populations. Men had significantly more aggressive features than women on pathology including extraglandular extension, lymph node involvement and vascular invasion. Lebastchi et al. reported that the significance of gender in predicting thyroid cancer prognosis is not completely clear [17] . Men typically present at an older age than women do. The peak age at the time of cancer diagnosis is 10-20 years later in men than in women. Men have more than twice the frequency of distant metastases and approximately 30% more regional metastases at the time of diagnosis. These differences have been largely attributed to how men and women access the healthcare systems, with men presenting at a later age and with more advanced stage tumors. So, male gender when corrected for age may not be an independent predictor of outcome for patients with PTC [17] .
There are no prospective randomized studies evaluating the appropriate extent of thyroidectomy for DTC. Most recommendations are based on expert opinion or large patient cohorts that have been treated in a nonrandomized fashion. The 2009 ATA guidelines have endorsed total thyroidectomy as the primary initial surgical treatment option for nearly all DTC greater than 1cm with or without evidence of loco-regional or distant metastasis. This was based on retrospective data suggesting that total thyroidectomy would improve survival, decrease recurrence rates, allow for routine use of RAI remnant ablation and facilitate detection of recurrent/ persistent disease during follow up. However recent data have demonstrated that in properly selected patients, clinical outcomes are very similar following lobectomy or total thyroidectomy and encourage lobectomy for specific situations [20] . In our retrospective chart review, the majority of patients had undergone a total thyroidectomy with or without lymph node dissection (97.3%) whereas only a minority had undergone lobectomy (2.7%).
The American Thyroid Association has recommended that follow-up treatment varies according to a patient's risk for recurrence [21] , yet management including the extent of surgery, necessity of post-operative ablative radioiodine, and degree of thyroid hormone suppression, has been controversial and practices are not uniform among clinicians. Our study have shown that 21.2% had persistence/ recurrence of their disease after initial treatment (thyroid surgery with or without radioactive iodine) after a median follow up duration of 4 years. This is similar to what was observed in a similar cohort assessed over 30 years by Mazzaferri and Jhiang [22] . In our study, age, tumor size, male gender, lymph node involvement, vascular and capsular invasion were all found to be associated with disease persistence/recurrence in univariate analyses. This is in line with other reports. Palme et al. reported that male sex, advanced initial stage, and presence of extra-thyroidal spread were independent predictors of multiple recurrences of DTC [23] . In a retrospective review of papillary micro-carcinoma (≤1cm), Mercante et al. found that capsular invasion, extra-thyroidal tumor extension, and neck lymph node metastasis at presentation were the only independent risk factors for the persistence or recurrence of disease [24] .
DTC is among the most curable cancers. The prognosis is related to several factors, which remain controversial. These controversies may be due to the populations studied, treatment modalities, or patient-related factors. In our study, age and vascular invasion were significant predictors of disease free survival after adjustment for other covariates. Several studies indicate that age is an important factor for prognosis of DTC. Among a sample of DTC patients, 80% of deaths occurred in patients >40 years old [25] . In a study by Ronga et al. [26] , multivariate analysis revealed that age at diagnosis was the most important factor in conditioning the time to death. The influence of cervical lymph node metastases on disease free survival of DTC patients remains as a controversial topic. Several studies indicate that cervical lymph node involvement at the time of initial surgery has no adverse effect on outcome [25, 27] . In our study we failed to show a significant effect of lymph node involvement on disease free survival, a finding that is similar to other studies. This issue may be due to the fact that, in the presence of lymph node metastases, aggressive initial surgery and post-operative radioiodine ablation therapy is the therapy of choice, which may lead to an improvement in the outcome in these patients.
There has been a significant reduction in the incidence of complications in thyroid surgery since the beginning of the 20 th century. The rates of postoperative complications reported in literature are variable (7.4% to 53%) and the incidence of symptomatic postoperative hypocalcemia ranges from 4% to 42% [28] . In our series, we observed postoperative hypocalcemia in 35.8% of the cases, most of whom were transient. Moreover, 5% developed vocal cord dysfunction, mostly transient, a rate that is similar to that reported in the literature (0 to 5%) [28] .
Our study has some limitations. Like any other retrospective chart review, missing information is a major drawback. But this was somewhat overcome by the large sample size. Although a long term follow up (19 years) should be considered as a strength, it could also be a limitation since the approach to patients with differentiated thyroid cancer has changed over the years, which would affect the disease free survival of patients across the years. In summary, this retrospective descriptive study shed light on the overall good prognosis of Lebanese patients with DTC. A prospective study at a national level is needed for better evaluation of the management approach in order to optimize further the outcome of patients with DTC.
Conclusion
Differentiated thyroid cancer has an overall good prognosis in Lebanon with age and vascular invasion being the most important predictors of disease recurrence and disease free survival.
